Aims Mycorrhizal specialization has been shown to limit recruitment capacity in orchids, but an increasing number of orchids are being documented as invasive or weed-like. The reasons for this proliferation were examined by investigating mycorrhizal fungi and edaphic correlates of Microtis media, an Australian terrestrial orchid that is an aggressive ecosystem and horticultural weed. † Methods Molecular identification of fungi cultivated from M. media pelotons, symbiotic in vitro M. media seed germination assays, ex situ fungal baiting of M. media and co-occurring orchid taxa (Caladenia arenicola, Pterostylis sanguinea and Diuris magnifica) and soil physical and chemical analyses were undertaken. † Key Results It was found that: (1) M. media associates with a broad taxonomic spectrum of mycobionts including Piriformospora indica, Sebacina vermifera, Tulasnella calospora and Ceratobasidium sp.; (2) germination efficacy of mycorrhizal isolates was greater for fungi isolated from plants in disturbed than in natural habitats; (3) a higher percentage of M. media seeds germinate than D. magnifica, P. sanguinea or C. arenicola seeds when incubated with soil from M. media roots; and (4) M. media-mycorrhizal fungal associations show an unusual breadth of habitat tolerance, especially for soil phosphorus (P) fertility. † Conclusions The findings in M. media support the idea that invasive terrestrial orchids may associate with a diversity of fungi that are widespread and common, enhance seed germination in the host plant but not co-occurring orchid species and tolerate a range of habitats. These traits may provide the weedy orchid with a competitive advantage over co-occurring orchid species. If so, invasive orchids are likely to become more broadly distributed and increasingly colonize novel habitats.
INTRODUCTION
Orchidaceae are well known for their rarity and specialization to certain biomes and habitats (Linder, 1995; Shefferson et al., 2008) , pollinators (e.g. Cozzolino et al., 2004) and mycorrhizal fungal associates (e.g. Taylor and Bruns, 1997; McCormick et al., 2004; Shefferson et al., 2007) . However, an increasing number of orchids are exhibiting weed-like attributes, e.g. they are disturbance-tolerant and readily proliferate in novel environments. Over 90 orchid species are currently listed as weed-like or naturalized plants (Ackerman, 2007) , but orchids are rarely the focus of invasive species studies. We examined the roles of mycorrhizal fungi and edaphic factors in the weediness of a terrestrial orchid, Microtis media.
Terrestrial orchids are notable for their obligate, often specific, relationship with mycorrhizal fungi, making them a useful test for the hypothesis that mycorrhizal fungi may be involved in their invasive capacity. All orchids investigated to date demonstrate an obligate relationship with mycorrhizal fungi for seed germination and progression through an achlorophyllous protocorm stage to the seedling stage (Rasmussen, 1995 (Rasmussen, , 2002 . After this time, most orchid species establish photosynthesis but may remain reliant on mycorrhizal fungi for carbon and nutrients to varying degrees.
Seed germination and protocorm development often require specific mycorrhizal fungal species (Warcup, 1971 (Warcup, , 1973 Taylor et al., 2002) . Specificity is defined here as the phylogenetic breadth of the mycorrhizal associations of a particular orchid. DNA sequence data have shown that orchid mycorrhizas are formed with a relatively narrow phylogenetic breadth of fungi in comparison with the mycorrhizas of photosynthetic plants. Most of the fungi are members of Basidiomycota (Rasmussen, 1995; Taylor et al., 2002) belonging to the anamorphic form genus Rhizoctonia (Rasmussen, 2002) , with teleomorphs corresponding to families Tulasnellaceae, Sebacinaceae and Ceratobasidiaceae (Taylor et al., 2002) . Mycorrhizas may also be formed with Ascomycota (e.g. Tuber; Selosse et al., 2004; Shefferson et al., 2005) and typically ectomycorrhizal taxa such as Russulaceae Bruns, 1997, 1999; McKendrick et al., 2000; Taylor et al., 2002) . However, not all fungi are equally effective at supporting germination and progression beyond the seedling stage (Otero et al., 2005) and some orchids will utilize different mycorrhizal fungi at different lifehistory stages (Bidartondo and Read, 2008) .
Patterns of symbiotic germination success are also affected indirectly by edaphic factors that contribute to the local availability and abundance of mycorrhizal fungi. Although less well documented, factors such as soil moisture levels (McCormick et al., 2006) , soil type (Ogura-Tsujita and Yukawa, 2008; Phillips et al., 2011) , organic matter content (Bowles et al., 2005; McCormick et al., 2012) , and pH and nutrients (Batty et al., 2001; Bowles et al., 2005) can influence the abundance and diversity of mycorrhizal fungi capable of supporting seed germination and development. For example, increasing levels of soil moisture and organic content have been correlated with greater germination success (Diez, 2007) .
Less attention has been paid to the inevitable corollaries, i.e. do weed-like orchids form novel mycorrhizal associations to avoid the loss of mycobionts, utilize a diverse range of fungi that are widespread and/or utilize fungi with broad edaphic amplitudes? Although evidence to support these possibilities is still limited, recent analyses have shown that weed-like orchids form mycorrhizas with widespread fungi (e.g. Epipactis helleborine and Pezizales such as Wilcoxina and Tuber; Ogura-Tsujita and Yukawa, 2008) or exploit a spectrum of fungi (Disa bracteata; Bonnardeaux et al., 2007) . In addition, weed-like orchids may show an unusual breadth of habitat tolerance (e.g. Oeceoclades; Cohen and Ackerman, 2009) .
Here, the overarching question we ask is: what role(s) might mycorrhizal specificity and edaphic factors play in the distribution of the weed-like orchid Microtis media? This species has been described as weed-like due to its ability to rapidly colonize and proliferate in a wide range of habitats. Over the last 30 years, M. media has been appearing opportunistically in terrestrial orchid collections, horticultural beds, disturbed roadsides and bushlands in south-western Australia and is now established in New Zealand, south-east Asia, Japan and China.
In this study, we used molecular identification of individual pelotons isolated from M. media roots, symbiotic M. media seed germination assays, ex situ fungal baiting and soil analyses to address three hypotheses: (1) M. media is a generalist and forms mycorrhizal associations with a diversity of fungi across its geographical and habitat range; (2) these generalist mycorrhizal fungi significantly enhance the germination of M. media seed but not those of co-occurring orchid species; and (3) the distribution of M. media mycorrhizal fungi can be correlated with environmental variables.
METHODS

Species
Microtis media is a member of the onion orchid alliance, comprising three genera (Hydrorchis, Microtidium and Microtis). It is a terrestrial herbaceous perennial, clonal and morphologically variable species with leaves 250 -650 mm long and 5 -8 mm wide and inflorescences 200-560 mm long (Hoffman and Brown, 1998) . Microtis media produces a spike with 10-100 self-pollinated flowers resulting in near 100 % flower-fruit conversion and the development of many thousands of wind-dispersed seeds. The seed germinates prolifically under horticultural conditions (Fig. 1A) producing a flowering plant in 6-8 months, thereby representing one of the most quickly maturing terrestrial orchids.
Study sites and specimen collection
Microtis media is found in a range of habitats throughout the south-west biodiversity hotspot in Western Australia. This region is recognized for its remarkable diversity and endemism, and the principal determinant of vegetation structure is the nature and nutrient status of the substrate and absolute amount of precipitation. Refugial species persist in higher rainfall areas, whereas fragmented relictual species and suites of newly derived taxa occur in the drier areas (Hopper and Gioia, 2004) . Microtis media plants were sampled from sites within the geographical limits of the species as currently known: north to Chapman ( -28 . 82, 114 . 67) ; south to Walpole ( -35 . 0, 116 . 66) ; and from the west coast to Newman Rock in the east 123 . 33; Fig. 1B) . Five plants were collected from each of 30 sites within the distribution (Supplementary Data  Table S1 ). Microtis media plants were also sampled from four habitats in Kings Park and Botanic Garden (KPBG): highquality bushland, disturbed bushland, anthropogenically altered (i.e. horticultural beds, wood chip/organic litter covered walkways) and vagrant plants found in glasshouse potted plants. Whole plant samples of M. media were excavated from the soil using a hand trowel, with care taken to remove as much of the root and tuber system as possible. Upon collection, samples were gently rinsed under tap water and above-and below-ground structures were separated and weighed. Below-ground structures were wrapped in damp paper towels and stored at 5 8C (,5 d) until peloton isolation. Above-ground structures were placed in paper bags, dried at ambient temperature (23 8C) and weighed.
Peloton isolation
To obtain mycorrhizal cultures for seed germination assays and DNA sequencing, the single peloton isolation method following Rasmussen (1995) was performed under sterile conditions. Three plants per site were selected at random for the isolation of pelotons. Root structures were washed with tap water, rinsed three times with sterile deionized water to remove surface contaminants and, under sterile conditions in a lamina flow cabinet, abraded with a scalpel to release the fungal pelotons into a pool of sterile deionized water. Pelotons were rinsed in three 450-mL pools of sterile deionized water and subsequently plated onto soil solution equivalent plates (SSE; Brundrett et al., 2003) . Plates were sealed with Parafilmw, stored in airtight plastic bags and incubated at 21 8C with 24-h fluorescent lighting (ambient conditions in the laboratory) for 4-8 d. Hyphal tips were subcultured onto fresh SSE plates for an additional 4 -8 d, after which successful cultures were sub-cultured (hyphal tips) onto potato dextrose agar (PDA) plates.
DNA extraction, PCR amplification and sequencing
A representative selection of cultures isolated from habitat types and wild sites were used for DNA sequencing. Approximately 2 -5 mg of hyphae was scraped from the surface of single PDA plates under sterile conditions, and DNA extracted using the protocols of Gardes et al. (1991) and Halász et al. (2005) . Following extraction, the nuclear large subunit (nLSU) of the ribosomal DNA (approx. 900 bp) was amplified for each DNA sample by PCR using primer LROR (5
. PCR reactions were performed using the following programme: 95 8C for 3 min; 40 cycles of 95 8C for 35 s, 47 8C for 1 min and 72 8C for 2 min; and 72 8C for 7 min. Successfully amplified PCR products were purified using an Agentcourt AMPure PCR clean-up kit or QIAquickw PCR Purification Kit prior following the manufacturers' directions. Purified samples were prepared for sequencing on a Beckman-Coulter CEQ 880 Genetic Analysis System or Applied Biosystems (ABI) 377XL Prism DNA Sequencer. Sequencing reactions were performed using primer LROR with either LR5 or LR7 for the nLSU. BLAST searches (www.ncbi.nlm.nih.gov/BLAST) were conducted on all the sequences to determine the closest known relative. Sequences were edited using Aligner v.2 . 0.4 #2002 -2007 (Codon Code Inc., Dedham, MA, USA). Samples with excess background noise or unclear signal readout were re-sequenced. Sequences were then auto-aligned using Mult-Alin (http:// bioinfo.genotoul.fr/multalin/) to obtain an initial alignment. The sequence alignment was then manually edited using Se-Al Version 2 . 0a11. The sequence matrix was analysed with PAUP version 4 . 0 (Swofford, 2002) . A midpoint rooting was utilized as opposed to an outgroup because the objective of the study was to compare mycorrhizal fungal composition between habitat types rather than determine phylogenetic relationships among fungal species. A bootstrap analysis was conducted with 100 replicates of 100 heuristic searches in order to test the statistical strength of the phylogenetic trees created.
Ex situ baiting and scoring
We used ex situ seed baiting to investigate mycorrhizal distribution/germination in soils collected from a variety of habitats. The methods are described in detail in Brundrett et al. (2003) . Briefly, sterile Sarstedt microcosms (each 100 × 100 × 20 mm) were packed with soil (sieved to 2 mm) collected from each habitat (Fig. 1D ). The soil was moistened with sterile deionized water and covered with a Millipore vinyl membrane before adding seed that had been dried upon collection at 15 8C and 15 % relative humidity for 2 weeks and in storage at -20 8C for one year. Species used were M. media and three co-occurring orchid species with different mycorrhizal colonization patterns, Caladenia arenicola (colonization within the stem collar), Diuris magnifica (within the root) and Pterostylis sanguinea (throughout the underground stem) (Ramsay et al., 1986) , which were attached to 3 × 3 mm squares of Millipore TM filter (0 . 45 mm). Sixteen squares were placed in each microcosm, comprising seven with M. media seeds, and three each with P. sanguinea, C. arenicola and D. magnifica seeds. A four by four matrix was laid out within each microcosm on the surface of the Millipore TM vinyl with samples positioned according to numbers generated randomly in the program Rw. Each microcosm was covered with its own plastic top, and stored in near total darkness at a constant temperature of 23 8C for 7 weeks. Microcosms were monitored weekly for desiccation, with deionized water being added as appropriate. The microcosms were then incubated under fluorescent light for 1 week, after which seed development was scored and assigned a rank on the following scale: 0 ¼ ungerminated; 1 ¼ splits in testa; 2 ¼ initial protocorm development; 3 ¼ trichomes present and swollen embryo; 4 ¼ leaf primordium present; 5 ¼ leaf present (Ramsay et al., 1986) . Seeds reaching Stage 3 and beyond were considered to have successfully germinated.
Symbiotic germination trials
Symbiotic germination trials were conducted using M. media seed collected and stored at KPBG as above. Seeds were encased in a small pouch consisting of Millipore TM mesh (0 . 45 mm) and surface sterilized in 4 % (w/v) bleach solution (calcium hypochlorite) followed by three rinses in rinsed sterile water. Seeds were then removed from pouches and aseptically transferred to Petri dishes containing oatmeal agar (OMA: 5 g crushed oats, 2 L reverse osmosis water and 16 g sugar; pH adjusted to 5 . 5 before autoclaving for 20 min at 121 8C at 1 . 05 kg cm 22 /15 -20 p.s.i) inoculated with a single mycorrhizal fungal isolate. Control OMA plates (without fungi) and asymbiotic nutrient media plates were established to control for the influence of fungi and nutrients, respectively. Plates were wrapped in aluminium foil and incubated at a constant temperature of 21 8C for 3 weeks. Plates were checked on a weekly basis to monitor contamination. Plates were then unwrapped and transferred to a fluorescently lit growing room with 24 h of light for a further 5 weeks and then scored for seed germination using the same categories as ex situ baiting and scoring (Fig. 1C) .
Root clearing and staining
Root samples to be scored for peloton colonization were stored in 50 % ethanol at 4 8C until processed (Grace and Stribley, 1991) . Root clearing and staining followed a modified version of the protocol outlined by Koske and Gemma (1989) , and samples were stored in acidic glycerol until scoring. Stained samples were placed on microscope slides in random horizontal/vertical patterns and peloton colonization was determined in 30 random microscope fields using the magnified line intersect method (McGonigle et al., 1990) .
Soil analysis
Soil samples were analysed by CSBP Limited Fertilizers (Western Australia) for texture, gravel content, plant-available ammonium, nitrate, phosphorus, potassium, sulphur, reactive iron, total nitrogen, total carbon, electrical conductivity, pH, CaCl 2 and H 2 O content, and organic carbon using standard chemical soil analyses.
Statistical analyses
Statistical analyses were conducted in JMP Version 5 . 1.2. All data sets were checked for normal distribution and homoscedastic tendencies before analyses were undertaken. All percentages from ex situ baiting and symbiotic germination trials were arcsin transformed before analysis; re-transformed data are presented in the Results. Differences in the percentage of root colonization, root and shoot biomass, seed germination and each soil nutrient were analysed between sites using one-way ANOVA, followed by post-hoc Tukey's honestly significant difference (HSD) test for significant variables (P , 0 . 05).
A Mantel test was used to test whether mycorrhizal composition among locations (species dissimilarity) could be explained by abiotic factors (soil pH, nutrients) or spatially structured (geographical) residual variability (Smouse et al., 1986; Legendre and Fortin, 1989; Fortin and Gurevitch, 1993) . Three distance matrices were constructed. The genetic matrix was constructed for each pair-wise combination of sites using the dissimilarity distance based on the phylogenetic data. The abiotic matrix was constructed for each pair-wise combination of sites using the raw soil data and Euclidean distance and the geographical distance matrix was calculated as the linear distance (km) from one site to another.
RESULTS
Diversity of endophytic fungi
Molecular typing of orchid endophytic fungi recovered potentially 11 taxa in M. media root systems based on nLSU sequences, all of which could be identified to genus and/or species level based on publicly available and closely related sequences (Table 1 ). BLAST searches indicated that two genera represented the diversity of endophytic fungi in M. media (Table 1, Fig. 2 ). Most sequences from Microtis media endophytic fungi were most closely related to Sebacina vermifera (sensu Warcup and Talbot, 1967 ; GenBank accession numbers EU626000 . 1, EU625994 . 1) and Piriformospora indica (GenBank accession number AY505557 . 1), both of which belong to Sebacinaceae. These searches also supported the identification of Tulasnella calospora (Tulasnellaceae) and a single genotype of Ceratobasidium sp. (Ceratobasidiaceae). Further, we identified genetic diversity within each endophytic fungal genus. Four genotypes were recognized in Sebacina vermifera, and three in Tulasnella calospora, and sequence variation ( pairwise distances) in both species was .3 %. Even though the number of endophytic isolates examined was limited, these results suggest that a considerable taxonomic breadth of the mycobiont may occur within a single genus.
The results of the phylogenetic analysis using nLSU produced an alignment containing 21 sequences and 911 characters, 214 of which were potentially parsimoniously informative (Fig. 2) . A heuristic parsimony search was conducted with 1000 replicates. A total of 54 most-parsimonious trees were created with 351 steps. The consistency index was 0 . 78 and the retention index was 0 . 87. These analyses demonstrated that M. media associated primarily with members of Sebacinaceae. In disturbed bushlands, M. media associated with Tulasnella calospora, whereas Ceratobasidium sp. was recovered only from M. media plants in horticultural beds. These analyses also showed that four of the five endophytic Piriformospora indica genotypes isolated from M. media at seepage sites were clustered together with strong bootstrap support (99 %), three of the four Sebacina vermifera genotypes isolated from horticultural bed plants (100 % bootstrap support) and the three Sebacina vermifera genotypes from granite outcrop plants (100 % bootstrap support) formed groups.
Symbiotic germination trials
Symbiotic germination trials demonstrated that the origin of mycorrhizal fungi significantly influenced the development of M. media seed to Stage 1 (F ¼ 5 . 01, P ¼ 0 . 0006) and/or Stage 3 (F ¼ 11 . 99, P , 0 . 0001; Fig. 2 ); Stages 2 (P ¼ 0 . 928), 4 (P ¼ 0 . 831) and 5 (P ¼ 0 . 305) were not significantly influenced by mycorrhizal origin. Fungi isolated from disturbed bushland or horticultural beds resulted in the highest levels of seeds reaching Stage 1. However, these levels of development did not differ significantly from those in control (85 . 7 + 3 . 1 %) or asymbiotic treatments (83 . 1 + 2 . 8 %), suggesting that the presence or absence of fungi may not constitute a bottleneck to the initiation of seed germination. In contrast, the presence and source of fungi influenced seeds reaching Stage 3, deemed successful germination. Mycorrhizal fungal isolates from seeps, undisturbed bushland and glasshouses resulted in the highest levels of seed germination (36 -53 %; Fig. 2 ). However, mycorrhizal fungi from horticultural beds, granite outcrops and disturbed bushland produced significantly lower levels of seed germination (4 -8 %); these levels did not differ significantly from those in the control (6 . 6 + 3 . 1 %) or asymbiotic (5 . 9 + 2 . 2 %) treatments.
Ex situ baiting and scoring
Significant differences in seed germination were detected among the four orchid taxa in response to habitat type (Fig. 3) . Irrespective of soil source, M. media seeds reached significantly higher levels of germination (Stage 3) than seed of D. magnifica, P. sanguinea or C. arenicola (Species, F ¼ 98 . 61, P , 0 . 0001). Notably, M. media seed germinated in soil from disturbed habitats whereas seed of D. magnifica, P. sanguinea and C. arenicola did not (Habitat × Species, F ¼ 4 . 53, P , 0 . 0001).
Plant biomass and root colonization
Shoot biomass (F ¼ 3 . 61, P ¼ 0 . 018) and consequently total plant biomass (F ¼ 6 . 41, P ¼ 0 . 001) were significantly higher in plants collected from horticultural beds and seepage sites than other locations (data not shown). There was no significant difference in root biomass among habitats (F ¼ 1 . 74, P ¼ 0 . 175). Cortical cells of all M. media roots were heavily colonized by fungal hyphae. However, there was no significant difference in mycorrhizal root colonization between habitat types (71 -99 % roots colonized; F ¼ 1 . 38, P ¼ 0 . 264) and no significant correlation with any soil factor (P . 0 . 05).
Soil resources
ANOVA indicated that only pH (F ¼ 15 . 56, P ¼ 0 . 001) and plant-available P differed significantly among habitats (F ¼ 3 . 34, P ¼ 0 . 019; Table 2 ). Soil pH and P levels were highest in horticultural beds and lowest in native bushland and glasshouse substrates.
Correlations between mycorrhizal fungi composition, habitat and geography Simple Mantel tests indicated that spatial structure (autocorrelation) was not a factor influencing the mycorrhizal fungal community in M. media (Table 3) . However, the significant correlation between genetic and habitat distances suggests that habitat variables were significant correlates of mycorrhizal fungi community composition. When the effect of autocorrelation (geographical distance) was controlled, this correlation was further strengthened.
DISCUSSION
In this study, we considered some of the factors that might contribute to weediness in a terrestrial orchid. By combining molecular and experimental studies, we showed that: adult M. media plants formed mycorrhizal associations with a broad phylogenetic range of fungi; a high proportion of these fungi were capable of initiating germination in seed of M. media but not sympatric terrestrial orchid species; mycorrhizal fungi isolated from M. media from natural habitats had higher germination efficacy than fungi from M. media in disturbed environments; and M. media -mycorrhizal associations display an unusual breadth of habitat tolerance.
Orchid mycorrhizal characterization and specificity
We hypothesized that broad associations between M. media and mycorrhizal fungal species might contribute to weediness in M. media. Indeed, molecular analysis showed that M. media formed symbiotic associations with a broad taxonomic range of mycorrhizal fungi. This apparent lack of specificity is in agreement with studies investigating another invasive orchid, Disa bracteata, (Bonnardeaux et al., 2007) , and supports the concept that invasive or weedy plant species reliant upon mutualisms will probably be generalists and associate with an array of fungi (Richardson et al., 2000) . In contrast, other terrestrial orchids that occupy the same geographical range as M. media have been shown to associate with a phylogenetically narrow suite of mycobionts, but not always (e.g. Pyrorchis nigricans; Bonnardeaux et al., 2007) . For instance, certain Caladenia spp. exhibit a high specificity toward one or two closely related Sebacina vermifera (Swarts et al., 2010) , whereas Diuris , Chiloglottis (Roche et al., 2010) and Drakaea spp. all associate with narrow monophyletic groups of Tulasnella mycorrhizal symbionts (Phillips et al., 2011) .
It might also be expected that a disturbance-tolerant orchid may form associations with disturbance-tolerant fungi. Most fungi identified from M. media roots were sebacinoid species, suggesting that this group of fungi may be more likely to occur in disturbed habitats. However, many terrestrial orchids, including Australian taxa that primarily occur in undisturbed habitats, also associate with sebacinoid species. For example, the most commonly identified symbiont was Piriformospora indica. This species belongs to a wellsupported group of closely related endophytic species with acknowledged benefits to plant growth (Weiß et al., 2011) including some orchids (Schafer and Kogel, 2009) . Six fungal accessions comprised Sebacina vermifera sensu Warcup & Talbot (1967) and were closely allied to mycorrhizal fungi in Caladenia (Swarts et al., 2010) ; an additional three isolates were identified as Tulasnella calospora (bushland) and were related to mycorrhizal fungi previously identified in Prasophyllum giganteum and Diuris magnifica (Bonnardeaux et al., 2007) . Only one sequence yielded Ceratobasidium sp. (horticultural beds), which is known to form mycorrhizas with Pterostylis and Prasophyllum (Warcup, 1973; Irwin et al., 2007) .
Populations of M. media also appeared to share the same or closely related fungi, resulting in limited symbiont diversity. For example, P. indica AY505557 . 1 was identified in all sites apart from the granite outcrop. However, two lines of evidence suggest otherwise. First, maximum sequence divergence was .3 %, which would lead P. indica isolates to be classified as six different species based on the criterion of ,3 % changes in base pairs (Tedersoo et al., 2008) . In addition, some phylogeographical structure was evident among isolates. Second, the fungal isolates differed functionally. Few seeds reached successful germination (Stage 3 or 5) when inoculated with mycorrhizal fungal isolates from disturbed bushlands, horticultural beds and granite outcrops. Although low seed germination rates are not unusual in orchids (Huynh et al., 2009 ), these differences may reflect a variation in germination effectiveness among the orchid mycorrhizal isolates. Similar variations in germination have been observed in response to different Ceratobasidium isolates in Tolumnia (Otero et al., 2005) and among fungal isolates on Caladenia (Huynh et al., 2009) . Alternatively, habitats that facilitate germination may not harbour the fungi required by the orchid to reach adulthood and ultimately reproduce. For example, certain mycobionts may be effective in stimulating seed germination (e.g. bushland, glasshouse), whereas others may be more effective mycobionts for adult plants (e.g. seeps, granite outcrop; see McCormick et al., 2006) .
A number of factors may have contributed to the limited diversity of mycorrhizal fungi. First, our results are based on a single collection of root tissue. However, the abundance and identity of orchid mycorrhizal fungi can vary seasonally or in response to edaphic conditions (Huynh et al., 2009; McCormick et al., 2006) . Second, some fungi may have been non-responsive to primers that target the nLSU gene region. Finally, peloton species that grew well in culture, such as Sebacinales, may have been over-represented in our analyses, whereas those that did not grow or grew only slowly in culture media may have been overlooked. Further sampling and analysis may reveal a greater diversity of mycorrhizal fungi. In addition, direct amplification of fungi from orchid tissue may reveal a more diverse array of fungal species, including various ascomycetes (Otero and Flanagan, 2006; Dearnaley, 2007) , but not always (see Roche et al., 2010) .
Symbiotic germination
We also hypothesized that mycorrhizal fungi from disturbed habitats might selectively enhance the germination of M. media seed. This was true when seed germination was compared between M. media and co-occurring taxa of Caladenia, Pterostylis and Diuris. Ex situ baiting clearly showed that soils from the disturbed bushland induced the highest percentage of M. media seeds to germinate successfully (Stage 3) in comparison with other habitats. Furthermore, germination was significantly higher in M. media seed than in Caladenia, Pterostylis and Diuris, irrespective of habitat. These results support the following concepts: (1) the broad capacity of M. media to use mycorrhizal fungi from different habitat types; (2) disturbed sites harbour mycorrhizal fungi more conducive to germination in M. media than other sites; and (3) the capacity for prolific germination in M. media in comparison with other orchid taxa. The ability of M. media to germinate prolifically may provide a competitive advantage similar to that recorded in other weedy terrestrial orchids such a Zeuxine oblonga, Phaius tankervilleae and Spathoglottis plicata . Indeed, M. media is well known to produce large numbers of seedlings in a variety of horticultural situations and is often well ahead of seedling development found in other terrestrial orchids.
Plant and edaphic linkages
Environmental conditions were expected to influence M. media through effects on fungal diversity or plant growth and colonization. Tulasnellaceae were recovered only from bushland sites and Ceratobasidium sp. from horticultural beds, indicating that environment may play a role in determining the distribution of mycorrhizal fungal associates in M. media. However, only soil P fertility and pH differed significantly among habitat types, and we were unable to detect strong links between soil pH and P levels and mycorrhizal fungi or seed germination. In contrast, previous studies show soil moisture, organic content, pH and nutrient levels to be correlated with orchid mycorrhizal distributions (Batty et al., 2001; Diez, 2007; McCormick et al., 2012) . We found that M. media grows in soils with 5 to 33 mg P (g soil) 21 , and levels of endophytic root colonization did not differ significantly across this range. This result probably reflects an unusual breadth of habitat tolerance in M. media plants and/ or M. media-mycorrhizal fungal associations. This does not, however, exclude the possibility that other extrinsic factors such as soil moisture fluxes or plant community composition may influence mycorrhizal associations. Likewise, the presence of endophytic colonization alone is not indicative of functional significance (Huynh et al., 2004) , and it is still possible that differences in functional capacity exist within and among fungi and colonized roots (Huynh et al., 2009 ).
Implications
Our findings from M. media support the hypothesis that invasive species are possibly governed by more general rather than idiosyncratic patterns (Arim et al., 2006) . For potentially invasive orchids, these general patterns include high phylogenetic breadth of associating mycorrhizal fungi, capacity for germination with a broad range of fungi and broad habitat tolerance, as seen here in M. media. Indeed, orchids such as M. media that associate with a broad taxonomic spectrum of mycobionts are likely to be broadly distributed and colonize new habitats because the probability of encountering a compatible fungus should be high (Swarts and Dixon, 2008) . This advantage may be further enhanced by higher germination potential and the capacity to develop mycorrhizal associations in soils of varying levels of fertility (P).
With its clear potential to act as an invasive species (rapid maturation of seedlings; clonal habit; self pollination; mycorrhizal generalist), M. media may impact populations of rare or threatened orchids through a resource competition process whereby it will eventually replace existing populations given its remarkable ability to utilize mycorrhizal and nutrient resources. Alternatively, M. media may exploit previously unutilized resources such as ecologically underutilized or unused mycobionts through niche differentiation (Vila and Weiner, 2004 ) at a much faster rate than the existing native species. Future research should test the competitive advantage of invasive orchid species and their role as a threat to other rare or ecologically constrained orchids.
SUPPLEMENTARY DATA
Supplementary data are available online at www.aob.oxfordjournals.org and consist of Table S1 : latitude and longitude of M. media specimen collection sites, and habitat type.
